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1 
This invention relates fo petroleum emulslons 
of the waterin-oil type-that are commonly re- 
ferred fo as "cut off," "roily off," "emulsified off," 
etc., and which comprises fine droplets of natural- 
ly-occurring waters or brines dispersed in a more 
or less pemanent state throughout the off which 
constitutes the contfluous phase of the emulsion. 
,One object of my invention is to provide a novel 
process for breaking or resolving emulsions of the 
Mnd referred te. 
Another object of my invention is to provide an 
economical .and rapid process for separating 
emulsions which have been prepared under con- 
trolled conditions from mineral off, such as crude 
off and relatively soft waters or weak brines. 
Controlled emulsification and subsequent demul- 
sification under the conditions just mentioned, 
are of significant value in removing impurities 
particularly inorganic salts from pipeline oiL 
Demulsification as contemplated in the present 
application includes the preventive step of com- 
mingiing the demulsifier with the aqueous com- 
ponent which would or might subsequently be- 
corne either phase of the emu]sion, in absence of 
such precautionary meaiure. Similarly, such de- 
mulsifier may be mixed with the hydrocarbon 
component. 
The demulsifying agent employed in the present 
process is a fractional ester obtained from a poly- 
carboxy acid and a diol obtained by the oxy- 
propylation of a dihydroxy ether of glyceroL 
Tli_'s glycerol ether is obtained by reacting one 
mole of diethylene glycol monoethyl ether, 
C2H O Ci-ICH20 Ci-I CH20 H 
with one mole of glycid, or any comparable pro- 
cedure which produces the saine compound or 
equivalent isomer thereof. Diethylene giycol 
monoethyl ether can be prepared in any suitable 
manner and can be .purchased. My preference 
is fo treat the giycerol ether of diethylene giycol 
monobutyl ether with sufficient propylene oxide 
so that the resulting product is not completely 
water-soluble, i. e., is at least emulsifiable or in- 
soluble in water, and also so the product is no 
longer comp!etely insoluble in kerosene, i. e., 
tends to disperse or is soluble in kerosene. Need- 
less to say, the upper molecular weight subse- 
quently described involves products which are 
completely water-insoluble and completely kero- 
sene-soluble as differentiated from dispersibflity 
or emulsifiabflity. It is to be noted that the origi- 
nal glycol itself, i. e., diethylene giycol monoethyl 
ether, and also the dihydroxy compound obtained 
by reaction with giycerol monochlorohydrin or 

OFFICE 

2,602,06ï 
POCESS FOR BREAKING PETROLEUII 
EIJLSIONS 
rvlelvin De Grooe, UniversRy CRy, 1Io., assignor 
fo Petrolite Corporation, Ltd., Wilmington, Del., 
a corporation of Delaware 
No Drawing. Application March 5, 1951, 
Serial No. 214,003 
9 Claires. (CI. 252--340) 
2 
glyclde is water-soluble. Simllarly the initial 
compounds, 1. e., either the monohydroxylated 
compound or the dihydroxylated compound prior 
to oxypr0pylation is kerosene-insoluble. In the 
5 hereto appended claires reference to the product 
being water-insoluble means lack of solubility 
either by being only dispersible, emulsifiable, or 
rapidly settling out in layers, or for that marrer 
completely insoluble in the usual sense. The in- 
10 tention is fo differentiate from an ordinary solu- 
ble substance. Similarly reference in the claires 
fo being at least kerosene-dispersible means that 
the product will at least disperse or emulsify in 
kerosene or may be completely soluble in kerosene 
15 to give a clear, transparent, homogeneous solu- 
tion. 
As stated, the monohydric alcohol has the 
following structure: C2HOCH2CH2OCH2CH2OH. 
The giycide derlvative is of the foHowing struc- 
20 ture: 
OH 
C2H 0 CH:CH20 CH2CH20 CsH 
OH 
25 
It is this latter compound which ls subjected to 
oxypropylatlon. If for convenlence the latter 
compound ls indlcated thus: HOlà'OH the prod- 
uct obtained by oxypropylation may be indicated 
thus: 
30 H (OCsH6) O1'O (CsH60.) ,H 
With the proviso that n and n' represent whole 
numbers which added tegether equal a sure vary- 
ing from 15 te 80, and the acldic ester obtained, 
35 by reaction of the polycarboxy acld may be in- 
dlcated thus: 
o o 
(H 0 0 C).,,R (O CsH)0 R' 0 (CH0), R(C 0 0H),, 
40 in whlch the characters have thelr prevlous slg- 
nilïcance, and n" is a whole number hot over 2 
and 1 is the radlcal of the polycarboxy radical 
COOH 
45 \ 
(C OOH),,,, 
and .preferably free from any radicals having 
more than 8 unlnterrupted carbon atoms in a 
single group, and with the further proviso that 
50 the parent dlol prlor to esterificatlon be prefer- 
ably water-lnsoluble or water-dlspersible, and 
kerosene-soluble or kerosene-dlspersible. 
Attention is directed to the co-pending appli- 
cation of C. M. Blair, Jr., Serial No. 70,811, filed 
55 January 13, 1949 now Patent 2,562»878, grante 



August 7, 1951, in which there is described, among 
other things, a process for breaking pekroleum 
emulsions of the water-in-oil type characterized 
by subjecting the emulsion fo the action of an 
esterification product of a dicarboxylic acid and a 5 
polyalkylene glycol in which the ratio of equiva- 
lent of polybasic acid to equivalents of poly- 
alkylene glycol is in the range of 0.5 fo 2.0, in 
which the alkylene group bas from 2 fo 3 carbon 
atoms, and in which the molecular weight of the l0 
product is between 1,500 fo 4,000. 
Similarly, there bave been used esters of di- 
carboxy acids and polypropylene glyco]s in which 
2 moles of the dicarboxy acid osier bave been re- 
acted with one mole of a polypropylene glycol lU 
having a molecular weight, for example, of 2,000 
so as to form an acidic fractional osier. Subse- 
quent examination of what is said herein in com- 
parison with the previous example as well as 
the hereto appended claims wfll show the line of 20 
delineation between such somewhat comparable 
compounds. Of greater signficance, however, is 
What is said subsequently in regard to. the struc- 
ture of the parent diol as compared fo polypropyl- 
ene glycols whose molecular weight may vary 25 
from 1,000 to 2,000. 
For convenience, what is said hereinafter will 
be divided into rive parts: 
Part 1 wfll be concerned with the preparation 
of the diol by reacting diethylene glycol mono- 20 
ethyl ether with glycide or its equivalent; 
Par 2 will be concerned with the oxypropyla- 
tion of the diol obtained in the manner previous- 
ly described in Part 1; 
Part 3 will be concerned with the preparation Z5 
of esters from the aforementioned oxypropyla- 
tion derivatives; 
Part 4 will be concezned with the Structure of 
the herein described diols and their signiflcance 
in light of what is said subsequently; 
Part 5 will be concerned with the use of the 
products herein described as demulsifiers for 
breaking water-in-oil emulsions; 
PAleT 1 
As previously pointed out the monohydric com- 
pound CHOCH2CH2OCHCH2OH can be pre- 
pred in the customary manner or purchased in 
the open market. Such compound is thon react- 
ed with a suitable reactant, such as glycide, to 50 
give a dihydroxy compound. This reaction may. 
be shown thus: 
o 55 
oH 
/ 
CHO CH2CHO CHCHO 
OH 
AS far as forming the dihydroxy compound is 60 
concerned other reactions can be empl0yed which 
do hot involve glycide; for example, one can pro- 
duce esters of the kind herein employed by use 
of a glycerol monochlorohydrin, i. e., either alpha 
or beta glycerol monochlorohydrin. Attention is 65 
directed again fo the fact that in the previous 
formula and in the formulas in. the claims if 
would be immaterial whether the free hydroxyl 
radicals prior fo esteriflcationare present as at- 
tached fo the first and thrd terminal carbon 70 
atoms, or second and third carbon atoms. This 
is simply an isomeric difference depending on 
how the epoxy ring is ruptured in the case Of gly- 
ide, or whether one employs glycerolalpha 
monochlorohydrin or glycerol beta monochloro-  

4 
hydrin. Other suitable procedure tnvolves thê 
use of epichlorohydrin in a conventional manner. 
For instance, the oxypropylated compound can 
be treated with epichlorohydrin and the result- 
ant product treated with caustic soda so as to re- 
form the eP0xy ring. The. epoxide so obtained 
tan thon be treated with water so as to yield a 
compound having two hydroxyl radicals attached 
to two of the three terminally adjacent carbon 
atoms. 
Attention is directed to the fact that the use of 
glycide requires extreme caution. This is par- 
ticularly true on any scale other than small lab- 
 oratory or semi-pilot plant operations. Purely 
from the standpoint of safety in the handling of 
glycide, attention is directed to the following: 
() If prepared from glycerol monochlorohydrin, 
this product should be comparatively pure; (b) 
the glycide itself should be as pure as possible as 
the effect of impurities is dimcult to evaluate; (c) 
the glycide should be introduced carefully and 
precaution should be taken that it reacts as. 
promptly as introduced, i. e. that no excess of 
glycide is allowed to accumulate; () all neces- 
sary precaution should be taken that glycide can- 
hot polymerize per se; («) due fo the high bofl- 
ing point of glycide one can readily employ a 
typical separatable glass resin pot as described in 
LT. S. Patent No. 2,499,30, dated Ararch , 1950, to 
De Groote and Keiser, and offered for sale by nu- 
merous supply laboratory houses. If such 
rangement is used to prepare laboratory-scale.du 
plications, thon care should be taken that the 
heating mantle can be removed rapidly so as to 
allow for cooling; or botter stfll, through an added.. 
opening ai the top, the glass resin pot or compar- 
able vessel should be equipped with a stainless 
steel cooling coil so that the pot can be cooled... 
more rapidly than by more removal of mantle. If 
stainless steel coil is introduced it means that the 
conventional stirrer Of the paddle type is changed 
into the centrifugal type which causes the fluid or 
reactants to mix due to swir]ing action.in the con- 
ter of the pot. Still botter is the use of a labora- 
tory autoclave of the kind previously describedi 
this part; but in any event when the initiaI- 
amount of glycide is added, to a suitable reaCtant, 
the speed of reaCtion should be controlled by the 
usual factors, such as () the addition of glycide; 
(b) the elimination of external tiëat; and (c) thê 
use of c0o]ing so thege is no undue fise in êm- 
perature. All the foregoing is merely onvèn- 
tional but is included due to the hazard in han- 
dling glycide. 
Example 
The equipment used was a glass resin POt of 
the kind described above. Into this resin pot 
were charged 5 gram moles of diethylene gtycol 
monoethyl ether. This represented 6 grams. 
To this there was added approximately 1% of 
sodium.methylate equiva'lent to 0 grams. The 
temperature of the reaction mass was raised to 
118 ° C. 5 moles of glycide, equivalent to 3 
grams, were added slowly over a period of ap- 
proximately 6% hours at a rate of about 50 
grams per hour or slightly less 
minute. Whenever the temperature tended 
risWpast 130 ° C. the reaction mass was cooled; 
if the emperature showed a tendency to drop 
below 114 ° C.-to 117 ° C. the reacti0n mass Was 
heted. Whèn all the glycide had been added 
thë reaction mass was stirred for approximateiY 
one hour 0nger at 135  C., and thon Was heated 
to.a temperature be]ow the decompositionp0ing 
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6-:giycide, fo$: instance/.140 C., and held et this 
temperature for another hour.. In:this particu- 
lar rea'ction there is less hazard .than is usually 
the case OEnsofar that the amount of gtycide added 
was comparativeiy small and it wasadded slowly. 
Even so, such oxyalkylation could be conducted 
with extreme care. Other catIysts can be em- 
ployed such as 'caustic soda, or caustic potash, 
but purely as amatter of convenience I have em- 
ployed sodium methylate. The amount oï cata- 
lyst can be increased but the objection is that 
more alkaline material must be subsequently re- 
moved-prior to esterification as described in Part 
3; following, or the reaction maF take place too 
rapidly or one might possibly po!ymerize the 
glFcide itseif rather than .have it react with the 
glycol etheï. 
PAI:T 2 
For a number of well knovn reasons equip- 
ment, whether laboratory size, semi-pilot plant 
size, pilot plant size, or large scale size, is hot as 
a rule designed for a particular alkylene oxide. 
Invariably and inevitably; however, or particu- 
larly in the case of laboratory equipment and 
pilot plant size the design is such as to use any 
of the customarily avaflable alkylene oxide, i. e., 
ethylene oxide, propylene oxide, butylene oxide, 
glycice, epichlorohydrin, styrene oxide, etc. In 
the subsequent des'cription of the equipment it 
becomes obvious that. if is adapted fo. oxyethyla- 
tion as well as oxypropylation. 
Oxypropylations are conducted under a wide 
variety of conditions, hot only in regard to pres- 
ence or absence of catalyst, and the kind of ca'la- 
lyst, but also in regard to the time of rea.ction, 
temperature of reaction, speed of rea'ction, pres- 
sure during reaction, etc. For instance, oxyal- 
kylations can be conducted et temperatures up 
to approximately 200 ° C. with pressuresin about 
t.he saine range up to about 200 pounds per square 
incli. They can be conducted also ai tempera- 
tures approximating the boiling point of water 
orslightly above, as for exemple 95 ° o 120 ° C. 
Ùnder sch circumstances the pressure wfll be 
less than 30 pounds per square inh un2ess some 
special procedure is emp!oyel as is sometimes 
the case, fo wi.t, keeping an atmosphere of inert 
gas such as nitrogen in the vessel during the re- 
action. Such low-temperature, low reaction rate 
oxypropylations have been described very com- 
pletely in U. S. Patent No. 2,448,664, t0 H. I. Fife 
et al., dated September 7, 1948. Low tempera- 
ture, low pressure oxypropylatiqns are particu- 
larly desirable where the :compound being sub- 
jected to oxypropylation contains one, two or 
three points of reaction orfly, such as monohydric 
alcohols, glycols and triols. 
Since low pressure-lov temperature, reaction 
speed oxypropylations require considerable tflne, 
for instance, 1 to 7 days of 24 hours each to com- 
plete the reaction they are conducted as a rule 
whether on a laboratory scale, pilot plant scale, 
or large scale, so as to operate automati,cally. 
ihe prior figure of seven days applies especially 
to large-scale operations. I have used conven- 
tional equipment with two added automatic fea- 
tures: (a) a solenoid controlled vave which shuts 
off the propylene oxide in event-that the tem- 
perature gets outside a predetermined and set 
range, .for instance, 95 ° to 120 ° C.» and (b) an- 
0ther solenoid valve which shuts off :the propylene 
oxide (or for that matter ethylene oxide if it is 
being used) if the pressure get s beFond a pre- 
determined range, such .as 25 to 35 pounds. 

Otherwise, the equipment is substantialïy 
saine as is commonly employed for this purpse 
where the pressure of reaction, is highe_r,..sPed .... 
of reaction .is higher, and time of reaction 
5 much shorter. In such instances such aut0mat!c 
controls.are hot necessarily usd ......... 
Thus, in preparing the various, exemples I hae 
found if particularly advantageous to use labora-. 
tory equipment, or pilot plant /hieh is:.designed. 
10 te permit continuous 0xyalkylatio n hether it be 
oxypropylation or oxyethylation.. With cet_te_in. 
obvions changes the equipment-can be used. also 
fo permit oxyalkylation involving the US e 
glycide where no pressur is involved except the 
15 vapor pressure of a solvent, if any, .w!ich may. 
have been used as a diluent-. 
As previously pointed out the met0d.f nsing 
propylene oxide is the saine as ethylene oxyde. 
This point is emphasized only for the reason that 
i0 the apparatus is so designed and consructed as 
to use eitheç oxide. 
The oxypropylation procedure emplyed in the 
preparation of the oxyalkylated derivatives has 
been uniformly the saine, particularly, in light 
25 of the fact that a continuous automatically-con: 
trolled procedure was employed. In this pro-. 
cedure the autoclave was a conventional auto- 
clave ruade of stainless steel and having a ca. 
pacity of approximately 15 gallons and a wrkïng.. 
30 pressure of one thousand pounds gauge pessure. 
This pressure 0bviously is far beyond any 
quirement as far as propylene oxide goes unlëss 
there is a reaction of explosive violence involved 
due to accident. The autoclave was equipped 
35 with the conventional devices and openings , such 
as the.variable-speed stirrer operating et speeds 
from 50 R. P. M. fo 500 R. P. M.; thermometer 
well and thermocouple OEor mechanical thermom 
eter; emptying outlet; pressure gauge, manual 
40 vent line; charge hole for initial reactants; at 
least one connection for intr0ducing the alkylene 
oxide, such as propylene oxide or ethyiene oxide, 
fo the bottom oî the autoclave; along with suit- 
able devices for both cooling and heäting the 
45 autoclave, such as a cooling jacket, and, pref- 
erably, coils in addition theret, with the jacket. 
so arranged that if is suitable for heating with 
steam or cooling with water and further equipped 
with electrical heating devices. Such autoclaves 
50 are, of course, in essence small-scale replicas of 
the usuel conventional autoclave used in oxy- 
alkylation procedures. In some instances in ex- 
ploratory preparations an autoclave having a 
smaller capacity, for instance, approximately 3/ 
55 liters in one case and about 1% gallons in anti 
other case, was used. 
Continuons operation, or substantially con- 
tinuous operation, was achieved by the useof. 
a separate container to hold the alkylene oxide 
60 being employed, particularly propylene oxide. In 
conjunction with the smaller autoclaves, the con:- 
tainer consists essentially oï a laboratory bomb 
having a capacity oï about one-half gallon, .or 
somewhat in excess thereof. In some instances 
6ê a larger bomb was used, to wit, one having a 
capacity of about one gallon. This bomb was 
equipped, also, with an inlet ïor charging, and 
an eductor tube going to the bottom of the con- 
tainer so as fo permit discharging of alkylene 
70 oxide in the liquid phase to the autoclave. A 
bomb havinE a capacity of about 60 pounds was 
used in connection with the 15-gallon autoclave. 
Other conventional equipment consists, ofcourse, 
of the rupture dise,, pressure gauge, sight feed 
5 glas, thermometer c0nnection for nitrogen :for 



prèïtr1'rïg bomb, etc. The bemb was placed on 
a scal during use. The connections between the 
bomb and the autoclave were flexible stainless 
steelhose or tubing so that continuous weighings 
could be ruade without breaking or making any 5 
connections. This applies also to the nitrogen 
line, which was used to pressure the bomb reser- 
voir. To the extent that ' if was required, any 
other usual converitional procedure or addition 
which provided greater safety was used, of course, 10 
such as safety glass protective screeus, etc. 
Attention is directed again fo what has been 
said previously in regard fo automatic controls 
which shut off the propylene oxide in event.tem- 
perature of reaction passes out of the predeter- 15 
mined range or if pressure in the.autoclave passes 
out of predetermined range. 
With this particular arrangement practicatly 
al1 oxYpropylations become uniform in that the 
reaction temperature was held within a few de- 20 
grees of any selected point, OEor instance, if 105 ° 
C. was selected as the operaing .temperature 
the-maximum point would be ai the most 110 ° 
C. or .1oE2 ° C., and the lower point v¢outd be :95 ° 
or pessibly 98 ° C. Similarly, the pressur.e .was 25 
held ai approximately S0 pounds .within a 
pound variation one way or the other, but might 
drop to practically zero, especialty where no sol- 
vent such as xylene is emptoyed. The speed of 
reacti0n wascomparatively slow under such .con- 30 
alliions as compared .with oxyalkylations ai: 200 ° 
C. Numerous reactions were conducted in which 
the rime varied from one day (24 hours) up to 
three days .(72 hours), for completion of the 
final number of a series. In some instances .the 35 
reaction maY talle place in considerably less rime, 
i. e., 24 :hours or less, as far as a partial oxy- 
proptation is concerned. 
The .minimum time recorded was .less than 
of: an hour. Reactions indicated as being com- 
plote in 45minutes or thereabouts may have been 
complote in a lesser period of rime in .light .of 
theautomatic equipment used. T.his applies also 
to ,larger autoclàves where the reactions .were 
complote in 9 to 12 hours. In the addition of 45 
propylene oxide, in-the autoclave equipment as. 
far as. possible the-valves were set so all the 
propylene oxide was ïed in ai a rate so the pre- 
determined amount reacted inthe first two-thirds 
of the selected period; for instance, 
lected-period was S hours .the ratewas set so the 
0xide could be OEed in in two h0urs or less: ThiS 
means that .if the reaction was interrupted auto 
matiCatly for a pezi0d of rime for the pressure 
t drop,.or the temperature to drop, the prede- 55 
termined amount of oxide ,would still be.added 
inmost instances well within the predetermined 
rime period. In one experiment the addi.tion of 
oxide was ruade over a comparatiVely long period, 
i. e., 10 .hours. In some in,tances, of .course, 60 
the reaction .could be speeded up to quite a 
marked degree: 
When operating ai a comparatively high 
perture, for instance, between 150 ° to 200 ° C., 
an ..unreacted alkytene oxide such as propFlene 
oxide, makes its presence felt in the increase-in 
pressure or the consistencY of a higher pressur e. 
However, at a low enough temperature it may 
happen that :the .propytene oxide goes in as a 
liquid. If-so, and if it remains unreacted thère 7.0 
is, of :course, .an,inherent danger.and appropriate 
steps must .be .taken to safeguard against this 
possibtlty; :ï need be a:sample must be .with- 
lrvn..!and..examined :for unreacted .propylene 
fl,e.-::Oe. oo,usbprocednr.e, 

oxypropylate ai a modestly higher temperaturë, 
for instance, ai 140 ° to 150 ° c. Unreacted oxide 
affects determination of the acetyl or hydroxyl 
value of the hydroxylated compound obtained. 
The high molecular weight of the compound, 
i. e., towards the latter stages of reaction, .the 
longer the rime reuired to .add a given amount 
of oxide.. One possible ex-planation is that the 
molecule, being larger, the opportunity 
random reaction is decreased, Inversely, :the 
lower the molecular weight the faster the reactior, 
takes place. For this reason, sometimes ai. least, 
increasing the concentration of the catalyst does 
not appreciably speed up the reaction, particular i 
ly when the product subjected to oxyalkylation 
bas a comparativety high molecular weight. 
However, as has been pointed out previously, 
operating ai a low pressure and a low tempera- 
tuze even in large scale operations as .much .as a 
week or ten days rime may lapse to obtain some 
of the higher molecular weight derivatives from 
monohydric or dihydric materials. 
In a number .of operatious the counterbalance 
scale or dial scale .holding the propytene oxide 
bomb was so set that when the predetermined 
amount of propylene oxide had passed into the 
reacion the scate movement through a .rime op- 
erating device was set for either one to two hours 
so that.reaction continued for l/e to 2/2 hours 
after the final addition of the last propylene 
oxide and thereafter the operation was shut 
down. This particular devici is particulaly suit- 
able for .use on larger equipment than laboratry 
size .autoclaves, to wit, on semi-pilot plant r 
pilot plant size,, as well as on large scale size. 
This final stirring period is intended to avoid 
the presence of unreacted oxide. 
In this sort of opCration, of course, the tem- 
peraure range was controlled automatically by 
either use of cooling water, steam, or electrical 
heat, so as to raise or lower the temperature. 
The pressuring of the propylene oxide into the 
reaction vessel-was also automatic insofar that 
the feed stream was set for a slow continuous 
run which was shut off in case the. Pressure 
passed a predetermined point as previously, set 
out. Ail the points of design, construction, etc., 
were conventional including the gases, check 
valves and entire equipment. As far as I ara 
aware at least two fifres, and possibly-three, 
specialize in autoclave equipment such as I haVe 
employed in the laboratory, and.are prepared 
to furnish equipment of this saine kind. Simi 
larly pilot-plant equipment is available. This 
point is simplymade as a precaution in the direc 
tion of safetY. Oxyalkytations, particularly inc 
volving ethylene oxide, glycide, propylene oxide, 
etc., should not be conducted except in equipment 
specificlly designed for the purpose. 
Exampe lb 
The dihydrnxy compound employed was the 
one previously described which, for purpose of 
convenience, wilt betermed the glycerol ether of 
diethylene glycol monoethyl ether. The auto- 
clave employed was a small autoclave having a 
capacityof approximately one gallon. This auto- 
clave was equipped with various automatic 
vices. In some instances the oxypropylations 
were run with automatic controls and in other 
instances, since the oxypropylation vois /ery 
short, with manual control.. Needless fo say, 
if was immaterial which way the .autoclave .was 
handled. 
306 grums of the dihydrox$1at.ed .omp0..unoE 
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9 
previously described were charged into the .auto- 
clave along with 6 grains of caustic soda. It is 
te be noted that the sodium methylate used in 
the glycide reaction was permitted te remain in 
the reaction mass. This meant that the concen- 
tration of catalyst was slightly higher than in- 
dicated by the amount of caustic added. The 
reaction pot was flushed out with nitrogen; the 
autoclave was sealed and the aut0matic devices 
adjusted for injecting 994 grains of propylene 
oxide in approximately a 6-heur period. The 
pressure regulator was set for a maximum of 35 
pounds per square inch. This meant that the 
bulk of the reaction could take place and prob- 
ably did take place at a comparatively lower 
pressure. This comparatively lower pressure was 
the result of the fact that at least in part COl» 
siderable catalyst was employed. The propyl- 
ene oxide was added at about the rate of 200 
grains per heur. All the oxide was added in 
less than 6 hours but the stirring continued dur- 
ing the 6-heur. period. More important, the 
selected temperature range was 105 ° C. (just 
moderately above the boiling point of water). 
The initial introduction of oxide was net started 
until the heating devices had raised the temper- 
ature te slightly over 100 ° C. When the reaction 
was complete part of the reaction mass was 
withdrawn as a sample and the remainder sub- 
jected te further oxypropylation as described in 
Example 2b, immediately following. 
Exampe 2 
619 grains of the mixture identified as 
ample lb, preceding, were reacted with an addi-- 
tional 471.2 grains of propylene oxide without 
adding anymore catalyst. The conditions of 
action were substantially the saine as in Ex- 
ample lb, preceding, except that the tempera- 
ture was slightly higher, i. e., 110 ° C. instead of 
105 ° C. The rime required te add the oxide was 
considerably less than in Example lb, netwith- 

10 
ceding, i. e., . maximum temperature of 110 ° C. 
and maximum pressure of 35 pounds per square 
inch. The rime required te add the oxide was 
the saineas previously, te wit, 2 hours. The rate 
of addition was about 200 grains per heur. At 
the completion of the reaction part of the reac- 
tion mass was withdrawn and the remainder 
subjected te the final oxypropylation step as de- 
scribed in .Example. 4b; immediately following. 
Exampe 
400 grains 0f the reaction raass identifled as 
Example 3b, preceding, were subjected te further 
oxypropylation with 133 grains of propylene 
ide. This was reacted without the use of any 
additi0nal catalyst. The conditions of reaction 
as far as temperature and pressure were con- 
cerned were the saine as in Examples 2b and 3b, 
preceding, i. e., 110 ° C., maximum, temperature 
and 36 pounds.per square inch maximum pres- 
sure. The rime required te add the oxide was 
extremely short, te wit, less than one heur, more 
exactly, three-quarters of an heur. 
In the hereto attached tables it wfll be noted 
that this series shows theoretical molecular 
welghts varying frein 1,000 te 4,000, and hydroxyl 
molecular weights varying frein a little less than 
900 te a littie less than 1800. In another series 
of experiments I proceeded further by three 
.ditional steps; at a molecular weight correspond- 
ng te 5,000 theoretical the hydroxyl molecular 
weight was approximately 2250; at 6,000 theo- 
retical molecular weight the hydroxyl molecular 
weight was about 2500 and at ,000 theoretical 
molecular weight the hydroxyl molecular weight 
was 2650. I bave esterifled these particularoxy- 
propylated derivatives .as well as the ones sPe- 
cifically described herein. 
What bas been said herein is presented in 
tabular ferre in Table I immediately following, 
with seine added information as te molecular 
weight and as te solubility of the reaction prod- 
uct in water, xylene and kerosene. 

.TABLE 1. 

Composition Beforo 
Ex. No. 
H.C. Oxido Cata- 
Amt.,  lyst, 
Amt., 
grs. grs. I gs. 
lb ......... 306 
25 ......... 145 I--÷i:i 2.8 
3 .......... 70.0 ] 525.6 | 1.4 

Composition at End 
ol. | AmL, | Am., I lyst, 
wt. ]grs. ] grs.[ rs. 
1,003 | 306 | 994 l 6 
2,010 | 145 |1,090.2 | 2.8 
0| 70 | s6] 1. 
4,o [ 3.2 / o. 1 .4 

Hyd. 
Deter- 
512 
89O 
1,415 
1,770 

1VLax. 1VLax. 
Temp., Pres, 
C. tbs. 
sq. in. 
105 ] 35 
110 35 
110 35 
.110 35 

Time, 
Hrs. 

: The hydroxy]ated compound ts tho glycerol ether of dtethylene glycol monoethyl ether. 

standing .the further dilution of the catalyst. 
The.oxide was added in slight!y less than 2 
hours' rime and at the rate of about 325 grams 
per heur. This i11ustrates one oî the instances 0 
where there was a speed up in the reaction even 
though there was a lesser concentration of cata- 
lyst. At the completion of this stage of oxy- 
propylation part of the sample was withdrawn 
and the remainder subjected te further oxypro- 65 
pylation as described in Example 3b immediately 
following. 
Example 3b 
597 grains oï the reaction mass identified as 
Example 2b, preciding, were subjected te fur- 70 
ther oxypropylation by reaction wiih 290 grains 
of propylene oxide. This was introduced with- 
out any additional catalyst. The conditions of 
reaction, as far as temperature and pressure were 
concerned, were the saine as in Example 2b, pre- 5 

Examples lb and 2b were soluble in water and 
xylene, but insoluble in kerosene; and Examples 
3b and 4b were emulsiflable te insoluble in water, 
soluble in xylene, but dispersible te insoluble in 
kerosene. 
ihe final product, i. e., at the end of the oxy- 
proPylation step, was a somewhat viscous amber- 
colored fluid which was water-insoluble. This 
s characteristic of a!l various end products ob- 
tained in this series. These products were, of 
course, siightly alkaline due te the residual caus- 
tic soda employed. This would also be the case 
if sodium methylate were used as a catalyst. 
Speaking of insolubility,in wateç or solubflity 
in keroseue such solubility test can be m--êI- 
ply by shaking small amounts of the materials 
,in a test tube withwater, for instance, using 1% 
te 5% approximately based on the amount of 
water present, . ., 
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Needless to say, there is no completë conver- 
sion of propylene oxide into the desired hydrox- 
ylaçed compounds. This is indicated by the fact 
that the theoreticl molecular weight based on a 
statistical average is greater'than the molecular 5 
weight clculated by usuImethods on basis of 
acetyl or hydroxyl value. Actully, there ïs no 
completeIy satisfactory method for deterrnining 
molecular weights of these types of compounds 
with a high degree of accuracy when the molecu-«-:ï0 
lar weights exceed 2,000. In some instances the 
acetyl value or hydroxyl valueserves as satisfac- 
torily as an index to the moleculr weight as an 
other procedure, subject fo the above limita- 
tions, and especially in the higher molecularÏ 
weight range. If any difliculty is encountered in 
the manufacture of the esters as described in 
Part 3 the stoichiometrical amount of acid 
or cid compound should be taken which 
corresponds to the indicated acetyl or hydroxylç0 
value. This marrer has been discussed in the 
literature and is a marrer of common knowl- 
edge and requires no further elaboration. In 
fact, it is illustrated by some of the examples 
pearing in the patent previously mentioned. .5 
PART 3 
As previously pointed out.the present inven- 
tion is concerned wlth acidic esters obtLued 
from the propylated derivatives descrlbed in Part:0 
2, immediately preceding, and polycarboxy acids, 
particularly dicarboxy acids such as adipic acid, 
phthalic acid, or anhydride, succinic acid, di- 
glycollic acid, sebacic acid, azelaic acid, aconitic 
acid, maleic acid or anhydride, citraconic 
or anyhydride, maleic acid or anyhydride 
ducts as obtained by the Diels-Alder reaction 
from products such as maleic anhydride, and cy- 
clopentadiene. Such acids should be heat stable 
so they are hot decomposed-during esterification:ï40 
They may contain-as many as 36 crbon atoms 
as, for example, the acids obtained by dimeriza- 
tion of unsaturated fatty acids, unsaturated 
monocarboxy fatty acids, or unsaturated mono- 
carboxy acids having 18 carbon atoms. Reference 
to the acid in the hereto appended claims ob-  
viously includes the anhydrides or ny other 
obvious equivents. My preference, however, is 
to use polycarboxy acids havïng hot.over 8 carbon 
atoms. o 
The production of esters including acid esters 
(fractional esters) from polycarboxy acids and 
glycols or other hydroxylated compounds is well 
known. Needless to say, various compounds 
may be used such as the low molal ester, the an- 5 
hydride, the acyl chloride, etc. However, for 
purpose of economy it.is customary to use either 
the acid or the anhydride. A conventional pro- 
cedure is employed. On a laboratory scale one 
can employ a resin pot of the kind described 60 
in U. S. Patent No. 2,499,370, dated March 7, 1950 
to De Groote .and Keiser, and particularly with 
one more opening to permit the use of a porous 
spreader if hydrochloric acid gas is to be used 
as a catalyst. Such device or absorption 65 
spreader consists of minute alundum thimbles 
which are connected to a glass tube. One can 
add a sulfonic acid such as para-toluene sul- 
fonic acid as a catalyst. There is some objec- 
tion .to this because "in some instances there is 70 
some evidence that this acid catalyst tends to 
decompose or rearrange heat oxypropylated com- 
pounds, and particularly likely to do so if the 
esterfiication temperature is too high. In the 
case of polycarboxy acids such asdîglycollic acid,  
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which is strongly acidic there is no need to dd 
any catalyst. The use of hydrochloric gas hs 
one. advantage over paxatoluene sulfonic acid 
and that is that st the end of the reaction it 
can be removed by flushing out with nitrogen, 
whereas there is no reasonably convenient means 
.avaflable of removing the paratoluene sulfonic 
acid or other.sulfonic acid employed. Tf hydro- 
chloric acid is empIoyed one need only pass the 
gas through at an exceedïngly slow rate so as 
to keep the reaction mass acidic. Only a trace 
of acid need be present. I have employed hy- 
drochloric acid gas or the aqueous acid itself to 
eliminate the initial basic material. My pre- 
ference, however, is to use no catlyst whatso- 
ever and fo insure complete dryness of the diol 
as described in the final procedure just pre- 
ceding of Table 2. 
The products obtained in Part 2 preceding may 
contain a basic catyst. As a general pro- 
cedure I have .added an amount of half-con- 
centrated hydrochloric acid considerably in ex- 
cess of what is required to neutralize the resi- 
dual catalyst. The mixture is shaken thorough- 
ly and allowed to stand overnight. It is then 
filtered and refiuxed with the xylene present 
until the water can be separated in a phase- 
separating trap. As soon as the product is sub- 
stantially free from water the distillation stops. 
This preliminary step can be carried out in the 
flask to be used for esterification. If there is 
any further deposition of sodium chloride dur- 
ing the reflux stage needless to say a second 
filtration may be required. In any event the 
neutral or slightly acidic solution of the oxy- 
propylated derivatives described in Part 2 is then 
diluted further with suZïcient xylene, decalin, 
petroleum solvent, or the like, so that one has 
obtained approximately a 65% solution. To 
this solution there is added a polycarboxylated 
reactant as previously described, such as phthalic 
anhydride, succinic acid, or anhydride, digly- 
collic acid, etc. The mixture Js refiuxed until 
esterification is complete as indicated by elim- 
ination of water or drop in carboxyl value. 
Needless to sy, if one produces a half-ester 
from an anhydride such as phthalic anhydride, 
no water is eliminated. However, if it is ob- 
tained from diglycollic acid, for example, water 
is eliminated. All such procedures are conven- 
tional and have been so thoroughly described 
in the literature t.hat further consideration will 
be limîted to a few examples and a compre- 
hensive table. 
Other procedures for eliminating the basic 
residual catalyst, if any, can be employed. For 
example, the oxyalkylation can be conducted in 
absence of a solvent or the solvent removed 
after oxypropylation. Such oxypropylation end 
product can then be acidified with just enough 
concentrated hydrochloric acid to just neutral- 
ize the residual basc catalyst. To this product 
one can then add a small amount of anhydrous 
sodium sulfate (suZïcient in quantity to. take up 
any water that ls present) and then subject the 
mass to centrifugal force so as to eliminate the 
sodium sulfate and probably the sodium chlo- 
ride formed. The clear somewtat viscous 
straw-colored amber liquid so obtained may 
contain a small amount of sodium sulfate or so- 
dium chloride, but, in ny event, is perfectly ac- 
ceptable for esterification in the manner de- 
scribed. 
If is fo be pointed out that the products here 
described are not polyesters in the sense that 
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there is a plura!ity of both diol radicals and acid 
radicals; the product is characterized by.having 
. only one diol radical. 
In seine instances and, in fact, in many in- 
stances I bave round that in spire of the de- 
hydration methods employed above that a mere 
trace of water stfll cornes through and that this 
mere trace of water certainly interferes with the 
acetyl or hydroxyl value determination, at least 
when a number of conventional procedures are 
used and may retard esterification, particularly 
where there is no sulfonic acid or hydrochloric 
acid prescrit as a catalyst. Therefore, I have pre- 
ïerred te use the following procedure: I have em- 
ploYed about 200 grains of the diol as described in 
Part 2, preceding; I bave added about 60 grains 
 of benzene, and then refiuxed this mixture in the 
glass resin pot using a phase-separating trap 
untfl the benzene carried out al! the water pres- 
ent as water of solution or the equivalent. Ordi- 
narily this refluxing temperature is apî, te be in 
the neighborhood of 130 ° te possibly 150 ° C. When 
all this water or moisture bas been removed ï 
aise withdraw approximately 20 grains or a littie 
less benzene and then add the required amount 
of the caïboxy reactant and also about 150 grains 
oï a high boiling aromatic petroleum solvent. 
These solvents are sold by various off refineries 
and, as far as solvent effect act as if they were 
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might just as well be allowed te remain. If the 
solvent is te be removed by distfllation, and pàr- 
ticularly vacuum distfllation, then the high bofl- 
ing aromatic petroleum solvent might well be re- 
5 placed by seine more expensive solvent, such as 
decalin or an alkylated decalin which has a Vather 
definite or close range boiling point. The re- 
moral of the solvent, of course, is purely a con- 
ventional procedure and requires no èlaboration. 
lo In the appended table Solvent #7-3, which ap- 
pears in numerous inStances, is a mixture oï 7 
volumes of the aromaticpetroleum solvent pre- 
viously described and 3 volumes of benzene..leï- 
erence te Solvent #7 means the particular pe- 
15 troleum solvent previously described in detail. 
This was used, or a similar mixtùre, in the man- 
ner previously described. A large number oï the 
examples indicated employing decalin were re- 
peated using this mixture anti particularly with 
2o the preliminary step of removing all the water. 
Iï one does net intend te remove the solverit my 
preference is te use the petroleum solvent-ben- 
zene mixture although obviously any of the other 
mixtures, such as decalin and xylene, can be em- 
25 ployed. 
The data included in the subsequent tables, i. e., 
Tables 2 and 3, are seif-explanatory, and very 
complete and if is believed no further eLuboratlon 
is necessary: 
TABLE 2 

I Mol. 
Actual I wt. 
Hy- I Based 
droxyl I 
Value , .Actua] 
.H. v_ 
220 I 512 
220 I 512 
127 ' 890 
ïg. 5 1, 415 
96. 0 1,770 
96. 0 1, 770 

1 
:Ex. No. Ex. -o. I Theo. Theo. 
of Hy- VI_ W. 
droxvl 
cf Acid droxy ol V. of 
Eter Cmpd. H.C. H.C. 
Ic ........ lb ....... I, 003 112 
2c ........ lb ....... I 1,0031 112 
3c ........ 2b ....... 2, 010 ] 56 
4c ....... 3b ....... I 3,015 I 37.4 
5c ........ 4b ....... 1 4,025 ] 27.9 
c ........ 4b .......  4, 025 ] 27.9 

almos completely aromatic in character. Typical 
distfllation data in the artictlar type I have 
ployedand found very satisfactory is the follow- 45 
ing: Ex. No. of Sol- 
. Acid Ester i vent 
I. B. P., 142 ° C. 50 ml., 242 ° C. _ I __ 
5 ml., 200 ° C. 55 ml., 244 ° C. 2c 
10 ml., 209 ° C. 60 ml., 248 ° C. 50 3 ............. #7-3 
15 ml., 215 ° C. 65 ml., 252 ° C. 
4c ............. #7-3 
20 ml., 216 ° C. 70 ml., 252 ° C. 5c ............. #7-3 
25 ml., 220 ° C. 75 ml., 260 ° C. ve ...... : ...... #7- 
30 ml., 225 ° C. 80 ml., 264 ° C. 
35 ml., 230 ° C. 85 ml., 270 ° (3. 
55 
40 ml., 234 °C. 90 ml., 280 ° (3. 
45 ml., 237 ° C. 95 ml., 397 ° C. 
After this material is added, refluxing is co1» 
tinued and, of course, is at a high temperature, 
to wit, about 160 ° fo 170 ° C. If the carboxy re- 
actant is an an.hydride needless fo say no water 
of reaction appears; if the carboxy ieactant is an 
acid, vater of reaction should appear and should 
be eliminated ai the above reaction temperature. 
If it is hot eliminated i simply separate out an 
other I0 or 20 cc. of benzene by means of the 
phase-separating trap and thus raise the tem- 
perature fo 180 ° or 190 ° C., or even o 200 ° C., if 
need be. My preference is hOt to go above 200 ° C. 
The use of such solvent is extremeiy satisfac- ïo 
tory provided one does net attempt te remove the 
solvent subsequently except by vacuum distilla- 
tion and provided there is no objection te a little 
residue. Actually, when these materials are used 
ïor a purpose such as demulsification the solvent 75 

Amt. of ' 
Hyd. Po!ycarboxy Re2c.ant 
Cmpd ........ , 
3(grs.)" I .... I 
202  Diglyeolic Aeid .... ï._ 
200 I l,ialeie Anhyd ........ 
198 I DigI:veoJie Acid ....... 
200 / ..... do ....... : ........ 
200 / ..... de ........... " 
203 / ]aleic A'nhv-c /_-_. :__-- 
/ 

Amt. of 
.Poly- 
carboxy 
Reactant 
(grs.) 

106 
76. 5 
56. 5 
',37, 8 
31.0 
22.6 

TABLE3 

Ami. 17 Escri- 
Sol- I fication 
vent I Temp., 
(gcs.) qC. 
277 I lol 
246 I 159 
233 ] 146 
233 137 
226 I 131 

 Time of I 
Esteçifl- [ Water Out 
cation I (ce.) 
(hrs.)  
 15.0. 
None. 
8.0. 
3½t 
None. 

The procedure for manufacturing the esters 
has been illustrated by preceding examples. If 
for any reas0n reaction- does net take place in a 
manner that is acceptable, attention should be 
directed te the following details: (a) Reclieck 
the hydr0xyl or acetyl value of.the oxypropyated 
glycerol and use a stoichiometrically equivalent 
amount of acid; (b) if the reaction does net pro- 
ceed with reasonable speed either raise the tem- 
peratures indicated or else extend the period of 
rime up te 12 or 16 hours if need be; (c) if neces- 
sary, use ½% of paratoluene sulfonic acid or 
seine other acid as a catalyst; (d) if the esteri- 
fication does net produce a clear product a check 
should be ruade te sec if an inorganic salt such 
as sodimn chloride or sodium sulfate is net pre- 
cipitating out. Such salt should be e]iminated, 
at least for exploration experimentation, and can 
be removed by filtering. Everything else being 
equal as the size of the molecule increases the 
reactive hych'oxyl radical represets a smaller 
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 fraction "of. the entire, molecule and thns.-more 
. iflculty is involved-in obtaining comPlote-es- 
terification. 
-. Even under the most carefully controlled con- 
ditions of 0xypropylati0n involving compara- 5 
tively low temperatures and long rime of reac- 
tion there are formed certain compounds whose 
composition is still obscure. Such side reaction 
products can contribute a substantial proportion 
o the final cogeneric reaction mixture. Various 10 
suggestions, have been ruade as fo the nature of 
these compounds, such as being cyclic polymers 
of propylene oxide, dehydration products with 
the. appearance of a vinyl radical, or isomers of 
propylene oxide or derivatives thereof, i. e., of an 15 
aldehyde, ketone, or allyl alcohol. In some 
stances an attempt to react the stoichiometric 
am0unt of a polycarboxy acid with the oxypro- 
pylated derivative results in an excess of the car- 
boxylated reactant ïor the reason that appar- 20 
ently under conditions of reaction less reactive 
hydroxyl radicals are present thon indicated by 
the hydroxyl value. Under such circumstances 
there is simply a residue of the carboxylic 
actant which can be removed by filtration or, if 25 
desired, the esterification procedure can be 
leased using . an appropriately reduced ratio of 
carboxylic reactant. 
Even the determination of the hydroxyl value 
and conventional procedure leaves much tobe de- 3o 
sired due either to the cogeneric materials pre- 
viouslY referred to, or for thatmatter, the pres-  
once of any inorganic salts or propylene oxide. 
Obviously this oxide should be eliminated. 
The solvent employed, if anY, can be removed 35 
from the finished ester by distillation and par- 
ticularly vacuum distillation. The final products 
or liquids are generally light straw to light amber 
in color, and show moderate viscosity. They can 
be bleached with bleaching clays, filtering chars, 
and the like. However, for the purpose of de- 
mulsification or the like coloris hot a factor and 
decolorization is hot justified. 
In the above instance I bave permitted the 
solvents to romain present in the final reaction 
mass. In other instances I bave followed the 
saine procedure using decalin or a mixture of 
decalin or benzene in the saine manner and ulti- 
mately removed all the solvents by vacuum dis- 
tillation. Appearances of the final products are 
much the saine as the diols before esterification 
and in some instances were somewhat darker in 
color and had a reddish cast and perhaps some- 
what more viscous. 
PART 4 
Previous refirinci has biin madi to the fact 
that diols such as polypropyleneglycol of approxi- 
mately 2,000 molecular weight, ïor example, bave 
been esterified with dicarboxy acids and em- 
ployed as demu]sifying agents. On first exami- 
nation the difference between the herein de- 
scribed products and such comparable products 
,appears to be rather insignificant. In. fact, the 
difference is.such that if fails to ixplain thi fact 
that compounds of thekind herein described may 
be, and frequently are, 10%, 15% or 20% botter 
on a quantitative basis than the simpler com- 
pound previously described, and demu]sify faster 
and give clocher off in many instances. Thi 
method of making such comparative tests bas 
been described in a booklet entitled "Treating Off 
Field Elnulsion," used in the Vocational Training 
Courses, Petroleum Industry Series, of the Ameri- 
can PetrQleum !nstitute. 

40 

5O 

55 

6O 

65 

7O 

16 
The.difference of course, does not reside in the 
carboxy acid but in the diol. l\oEomentarfly an 
effort will be ruade to emphasize certain things in 
regard to the structure of a polypropylene glycol, 
such as polypropylene glycol of a 2000 molecular 
weight. Propylene glycol bas a primary alcohol 
radical and a secondary alcohol radical. In this 
sense the building unit which forms polypro- 
pylene glycols is hot symmetrical. Obviously, 
thon, polypropylene glycols can be obtained, at 
least theoretically, in which two secondary 
cohol groups are united or a secondary alcohol 
group is united to a primal alcohol group, ether- 
ization being involved, of course, .in each 
stance. 
UsuaIly no effort is ruade o differentiate be- 
tween oxypropylation taking place, for example, 
af the primary alcohol unit radical or the sec- 
ondary alcohol radical. Actually, when such 
products are obtained, such as a high molal pol.y- 
propylene glycol or the products obtained in the 
manner herein described one does hot obtain a 
single derivative such as HO(IO)nH in which 
 bas one and only one value, for instance, 
15 or 16, or the like. lather, one obtains a 
cogeneric .mixture of closely related or touch- 
ing homologues. These materials invariably bave 
high molecular weights and cannot be separated 
from one another by any known procedure with- 
out decomposition. The properties of such mix- 
ture represent the contribution of the various 
di,idual niembers of the mixture. On a statis- 
tical basis, of course,  can be appropriately speci- 
fied. For :practical purposes one need only con- 
sider the oxypropylation of a monohydric al- 
cohol because in .essence this is substantially 
the mechanism involved. Even in such instances 
where one is concerned with a monohydric re- 
actant one cannot draw a single formula and say 
that by following such procedure one can readily 
obtain 80% or 90% or 100% of such compound. 
However, in the case of at least monohydric ini- 
tial reactants one can readily draw the formulas 
of a large number of. compounds which appear 
in some of the probable mixtures or can be pre- 
pared as components and mixtures which are 
manufactured conventionally. 
However, momentarily referring again t a 
monohydric .initial reactant it is obvious that 
if one selects any such simple hydroxylated com- 
pound and subjects such compound to oxyalkyla- 
tion, such as oxyethylation, or oxpropylation, it 
becomes obvious that one is really producirg a 
polymer of the alkylene oxides except for the 
terminal group. This is particularly true where 
the amount oï oxide added is comparatively large, 
for instance, 10, 20, 30, 40, or 50 units. If such 
compound is subjected to oxyethylation so as to 
introduce 30 units of ethylene oxide, it is well 
known that one does hot obtain a single con- 
stituent which, for the sake of convenience, may 
be indicate.d as IO(CH«O)0OH. Instead, one 
obtains a cogeneric mixture of closely related 
homologues, in which the formula may be shown 
as the following, 1O (CH«O)H, wherein , as far 
as the statistical average goe.s, is 30, but the in- 
dividual members present in significant amount 
may vary from instances where  bas a vale of 
25, and perhaps less, to a point where  may rep- 
resent 35 or more. Such mixture is, as stated, a 
cogeneric closely related series of touching 
homologous compounds. Considerable investiga- 
tion bas been ruade in regard to the distribution 
curves for linear polymers. Attention is directed 
75 to the article entitled "Fundamental priciPles 
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of condensation polymerization," by Flory, which 
appeared in Chemical Reviews, volume 39, No. 
1, page 137. 
Unfortunately, as bas been pointed out by 
Flory and other investigators, there is no satis- 
factory method, based on either experimental or 
mathematical examination, of indicating the 
exact proportion of the various members of 
touching homologous series which appear in 
cogeneric condensation products of the kind 
scribed. This means that from the pracfical 
standpoint, i. e., the ability to describe how to 
make the product under consideration and how 
to repeat such production rime after rime with- 
out difficulty, if is necessary to resort to some 
other method of description, or else consider the 
value of n, in formulassuch as those which bave 
appeared previously and which appear in the 
claires, as representing both individual con- 
stituents in which n bas a single definite value, 
and also with the understanding that n repre- 
sents the average statisfical value based on the 
assumption of completeness of reaction. 
This may be illustrated as follows: Assume 
that in any particular example the molal ratio 
of the propylene oxide fo the diol is 15 fo 1. 
tually, one obtains products in which  probably 
varies from 10 to 20, perhaps even further. The 
average value, however, is 15, assurning, as pre- 
viously stated, that the reaction is complete. The 
product described by the formula is best 
scribed also in terms of method of manufacture. 
However, in the instant situation it becomes 
obvious that if an ordinary high molal propyl- 
eneglycol is compared to strings of white beads 
of various lengths, the diols herein employed as 
intermediates are characterized by the presence 
of a black bead, i. e., a radical which corresponds 
to the glycerol ether of diethylene glycol mono- 
ethyl ether as previous]y described, i. e., the 
radical 
o 
CHO CHCH.O CHCHO C3H5  
O 
Furthermore, it becomes obvious now that one 
bas a nonsymmetrical radical in the majority of 
cases for reason .that in the cogeneric mixture 
going back to the original formula 
0 O 
n and n'. are usually hot eqal. For instance, if 
one introduces 15 moles of propylene oxide, n and 
n' could hot be equal, insofar that the nearest 
approach to equality is where the value of n' is 
 and n is 8. However, even in the case of an even 
number such as 20, 30, 40 or 50, it is also obvious 
that n and n' will not be equal in light of what 
bas been said previously. Both sides of the 
molecule are hOt going to grow with equal rapid- 
ity, i. e., to the saine size. Thus the diol herein 
employed is differentiated from polypropylene diol 
2000, for example, in that (a) it carries a hetero- 
geneous unit, i. e., a unit .other than a propylene 
glycol or propylene oxide .nit, (b) such unit is 
off tenter, and (c) the effect of .that unit, of 
course, must bave some effect in the range with 
which the linear molecules can be drawn ,together 
by hydrogen binding or Van der Waals forces, or 
whatever else may be involved. 
What bas been said previously can be empha- 
sized in the following manner. It bas been 
pointed out previously .that in the last formula 
immediately preceiing, n or n' could be zero. 

Under the conditions of manufacture as described 
in Part 2 it is extremely unlikely that n is ever 
zero. However, such compounds can be prepared 
readily with comparatively little difficu]ty by 
5 sorting to a blocking .effect .or reaction. For 
instance, if the diol is esterified with a low mola] 
acid such as acetic acid mole for mole and such 
product s'ubjected to oxyalkylation using a cata- 
lyst, such as sòdium methylae and guarding 
le against the presence of any water, it becomes 
evident that all the propylene oxide introduced, 
for instance 15 to 80 molecule per polyhydric 
alcohol necessarily mus't enter at one side only. 
If such product is then saponified so as to 
15 compose the acètic acid ester and then acidified 
so as to liberate the water-soluble acetic acid and 
the water-insoluble diol a separation can be marie 
and such diol then subjected to eserification as 
described in Pat 3, preceding. Such esters, of 
2o course, actually represent products where either 
n or n' is zero,. Also intermediate procedures can 
be employed, i. e., following the saine esterifica- 
tion step after partial oxypropylaion. For in- 
stance, one might oxyprapylate with one-'half the 
5 'ultimate amount of propylene oxide to be used 
and then stop the reaction. One could then con- 
vert this partial oxypropylated intermediate into 
an ester by reaction of one mo]e of acetic acid 
with one mole of a diol. This ester could then be 
,0 oxypropylated with all the remaining propylene 
oxide. The final product so .obtained could be 
saponified and acidified so as to eliminate the 
water-soluble acetic acid and free the obviously 
unsymmetrical diol which, incidenally, should 
35 also be kerosene-soluble. 
From a practical standpoint I bave found no 
advantage in giing to this extra step but it does 
emphasize the difference in structure between the 
herein described diols employed as intermediates 
4{} and high molal ,polypropylene glycol, such as 
polypropylene g]ycol 2000. 
The most significant fact in this connection is 
the following. The claims hereto attached are 
directed to a very speciïïc .compound, i. e., one. 
derived by the oxypropylation of the glycerol 
t5 ether of ethylene glycol monobutyl ether. In 
addition to this glycol ether a large number of 
other glycol ehers as, for example, ethylene gly- 
col monomethyl ether, ethylene glycol ethylbutyl 
ether, ethylene glycol monophenyl ether, ethylene 
5o glycol monobenzyl ether, diethylene glycol mono- 
methyl ether, diethylene glycol monoethyl ether, 
and diethylene glycol monobtyl ether are avail- 
able. 
I bave taken each and every one of these glycol 
55 ethers and, as a marrer of fact, a large number of 
others, subjected them o reaction with glycide 
and then oxypropylated the compounds and 
esterified them in the manner described in the 
instant application. I bave tested all these prod- 
6O ucts for demulsification and af least to date I bave 
not round another analogous .compound equally 
effective for demulsification and also for certain 
other applications in which surface activity is 
involved. At the moment, based on this knowl- 
65 edge, .this ,particular compound appears unique 
for reasons hot understood. 
PAleT 5 
Conventional demulsifying agents employed in 
7O the .treament of off field emulsions are sed as 
such, or after dilution with any suitable solvent, 
such as water, petroleum hydrocarbons, such as 
benzene, toluene, xylene, tar acid off, creso], 
anthracene oil, etc. Alcohols, par.ticularly ali- 
75 phatic alcohols, such .as methyl alcohol, ethyl 
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alcohol, denatured alchol, propyl alcohol, butyl 
alcohol, hexyl alcohl, octyl alcohol, etc., may be 
employed as diluents. Miscellane,ous solvents 
such as pine off, carbon tetrachloride, sulfur di- 
oxide extract obtained in the refining of petro- 
leum, etc., may be employed as dilents. Simi- 
larly, the material or materials employed as the 
dernuisifying agent of my process may be admixed 
with one or more of the solvents customarily used 
in connection with conventional demulsifying 
agents. 1Vforeover, said rnaterial or rnaterials may 
be used alone or ii admixture with other suitable 
well-known classes of demulsifying agents. 
If is well known that conventional demulsifying 
agents rnay be used in a water-soluble form, or 
in an off-soluble form, o in a form exhibiting 
both off- and water-solubility. Sometimes they 
may be used in a form which exhibits relatively 
limited oil-solubflity. However, since such 
reagents are frequently u.sed in a ratio .of 1 t 
10,000 or 1 to 20,000, or 1 £o 30,000, or even 1 fo 
40,000, or I fo 50,000 as in desalting practice, such 
an apparent insolubility in off and water is hot 
significant because said reagents undoubtediy 
bave solubility within such concen;rutions. This 
same fact is true in regard to £he mateal or 
muterials employed as the demulsifying agent of 
my process. 
In practicing my process for resolving petro- 
leum emulsions of the water-in-oil type, a treat- 
ing agent or demulsifying .agent of £he kind abeve 
described is brought into contact with or caused 
to act upon the emulsion tobe treated, in any of 
the vrious apparatus now generally used fo re- 
solve or break petroleum emu}sions with a chem- 
ical reagent, the above procedure being used al.one 
or in combination with other demulsifying pro- 
cedure, such as the electrical dehydration process. 
One type of proceduïe is to accumulate a vol- 
ume of emulsified off in a tank and conduct a 
batch treatment type of demulsification pro- 
cedure fo recover clean off. In this procedure 
the emu!sion is admixed with the demulsifler, 
for example by agitating the tank of emulsion 
and slowly dripping demulsifier into the emul- 
sion. in some cases mixing is achieved by heat- 
ing the emulsion while dripping in the demulsi- 
fier, depending upon the convection currents in 
the emulsion fo produce satisfactory admixture. 
In a third modification of this type of treat- 
ment, a circulating pump withdraws emulsion 
from, e. g., the b0ttom of the tank, and rein- 
troduces if into the top of the tank, the demul- 
sifier being added, for example, af the suction 
side of said circulating pumP. 
In a second type of treating procedure, the 
demulsifier is introduced into the well fiuids af 
the well-head or ai some point between the well- 
head a]d the final off storage tank, by means 
of an adjustable proportioning mechanism or 
proportioning pump. Ordinarily the fiow of 
fiuids through the subsequent lines and fittings 
suffices fo produce the desired degree of mix- 
ing oî demulsifier and emulsion, although in 
some instances additional mixing devices may be 
introduced into the fiow system. In this gen- 
eral procedure, the system may include various 
mechanical devices for withdrawing free water, 
separating entrained water, or accomplishing 
quiescent settling of the chemicalized emulsion. 
Heating devices may likewise be incorporated in 
any of the treating procedures described herein. 
A third type of application (down-the,hole) 
of demulsifier fo emulsion is fo introduce the 
demulsifler either periodically or continuously in 
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diluted or undiluted form into the well and to 
a]low if fo corne to the surface with the well 
fluids, and then fo flow the chemicalized emui- 
sion through any desirable surface eqtïipment, 
5 such as employed in the other treating proce- 
dures. This particular type of application is 
cidedly useful when the demulsifier is used in 
connection with acidification of calcareous off- 
bearing strata, especially if suspended in or dis- 
I0 solved in the acid employed for acidification. 
In all cases, if will be apparent from the fore- 
going description, the broad process c0nsists 
simply in introducing a relatively small propor- 
tion of demulsifier-into a relatively large pro- 
1 portion of emulsion, admixing the chemical and 
emulsion either through natural fiow or through 
special apparatus, with or without the applica- 
tion of heat, and allowing the mixture to stand 
quiescent until the undesirable water content of 
0 the. emulsion separates and settles from themass. 
The following is a typical installation. 
A reserv0ir fo hold the demulsifier of the kind 
described (dfluted or undiluted) is placed at the 
well-head where the effluent liquids leave the 
 well. This reservoir or container, which may 
vary from 5 gallons to 50 gallons for convenience, 
is connected fo a proportioning pump whichïn- 
jects the demulsifier drop-wise into the fiuids 
leaving the well. Such chemicalized fiuids pass 
0 through the fiowline into a settling tank. The 
settling tank consists of a tank of any Conven- 
ient size, for instance, onewhich will hold 
amounts of fiuid produced in 4 fo 24 hours (500 
barrels' fo 2000 barrels  capacity), and in which 
SG there is a perpendicular conduit from the top 
of the tank fo almost the very bottom So as 
fo permit the incoming fiuids to pass from the 
top of the settling tank to the bottom, so that 
such incoming fiuids do not disturb stratifica- 
40 tion which takes place during the course of 
mulsification. The settling tank bas two out- 
lets, one being below the water level to drain 
off the water resulting from demulsification or 
accompanying the emulsion as free water, the 
45 other being an off ourlet ai the top to permit 
the passage of dehydrated off fo a second £ank, 
being a storage tank, which holds pipeline or 
dehydrated off. If desired, the conduit or pipe 
which serves to carry the fluids from the well 
5 fo the settling tank may include a section of 
pipe with baffles to serve as a mixer, to insure 
thorough distribution of the demulsifier through- 
out the fiuids, or a heater for raising the tem- 
perature of the fiuids fo some convenient tem- 
5 perature, for instance, 120 ° fo 160 ° F., or both 
heater and mixer. 
Demulsification procedure is started by simply 
setting the pump so as to feed a comparatively 
large ratio of demulsifier, for instance, !:5,000. 
60 As soon as a complete "break" or satisfactory 
demulsification is obtained, the pump is regu- 
lated until experience shows that the amount of 
demulsifier being added is just sufficient to pro- 
duce clean or dehydrated off. The amount be- 
65 ing fed af such stage is usually 1:10,000, 1 : 15,000, 
1:20,000, or the like. 
In many instances the oxyalkylated products 
herein specified as demulsifiers can be conven- 
iently used without dilution. However, as pre- 
70 viously noted, they may be diluted as desired 
with any suitable solvent. For instance, by mix- 
ing 75 parts by weight of an oxyalkylated de- 
rivative, for example, the product of Example 
5c v¢ith 15 parts by Weight of xylene and 10 
7 parts by weight of isopropyl glcohol, an excel- 
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lent demulsifier is obtained. Selection of the 
solvent will vary, depending upon the solubflity 
characteristics of the oxyalkylated product, and 
of course wfll be dictated in part by economic 
considerations, i. e., cost. 
As noted above, the products herein described 
may be used hot only in diluted form, but also 
may be used admixed with some other chemi- 
ca! demulsifier. A mixture which fllustrates 
such combination is the fo]lowing: 10 
Oxyalkylated derivative, for example, the prod- 
uct of Example 5c. ,0%; 
A cyclohexylamine salt of a po].vpropylated 
naphthalene monosulfonic acid, 
An ammonium salt of a po]ypropylated naph- 
thalene mono-sulfonic acid, 
A sodium salt of oil-solub]e mahogany petro- 
leum sulfonic acid, 1, %. 
A hih-boilin aromatic petroleum so]vent, 
15% ; 20 
Isopropyl alcohol, 5 %. 
The above proportions are all weight percents. 
Having thus described my invention what I 
claim as new and desire to secure by Letters 
Patent, is: 25 
1. A process for breaking petroleum emulsions 
of the water-in-oil type characterized by sub- 
jecting the emulsion to the action of .a demulsifier 
including hydrophile synthetic products, said hy- 
drophile synthetic products being characterized 30 
by the following formula 
o o 
(H 0 0 O).,,R  (0 OH0).O RO (C3HO),R(O 00H),, 
in which R' is the radical of a glycerol ether of 35 
diethylene glycol nonoethyl ether; n and n' are 
numerals with the proviso that  and ' equal 
a sum varyinE from 15 to 80, and " is a whole 
number hot over .. and 1 is the radical of the 
polybasic acid 
O00H 
\(o o OH).,, 
in which " bas ifs previous significance, and 45 
with the further proviso that the parent dihy- 
droxylated compound prior to esterification be 
water-insoluble. 
2. A process for breaking petroleum emulsions 50 
of the water-in-oil type characterized by subject- 
ing the emulsion to the action of a demulsifier 
including hydrophile synthetic products; said 
hydrophile synthetic products being character- 
ized by the following formula 55 
0 0 
(HO 0 O).,,R (0 O,H,).0R'0(O3H,0)., R(C 0 OH).,, 
in which R' is the radical of a glycerol ether of 
diethylene glycol monoethyl ether; n and n' are 60 
numerals with the proviso that n and n' equal 
a sure varying from 15 to 80, and n" is a whole 
number hot over 2, and R is the radical of the 
polybasic acid 
COOH 65 
(C 0 OH).,, 
in which " bas its previous significance, and 
with the further proviso that the parent dihy- 0 

droxylated compound-prior to esteriflcation be 
water-insoluble, and at least kerosene-dispersible. 
3. A process for breaking petroleum emulsions 
of the water-in-ofl type characterized by subject- 
ing the emulsion to the action of a demulsifier 
including hydrophile synthetic products; said hy- 
drophile synthetic products being characterized 
by the following formula 
0 0 
( o o o).,, u (o om).o  o (om o).,(o o o).,, 
in which R' is the radical of a glycerol ether of 
diethylene gVcol monoethyl ether; n and n' are 
numerals with the proviso that n and n' equal 
15 a sure varying from 15 to 80, and n" is a whole 
number hot over 2, and R is the radical of the 
polybasic acid 
COOH 
R 
(OOOH).,, 
in which n" bas ifs previous significance; said 
polycarboxy acid having hot over 8 carbon atoms; 
and with the ïurther proviso that the parent 
dihydroxylated compound prior to esterification 
be water-insoluble and at ïeast kerosene-dis- 
persible. 
4. A process for breaking petroleum emulsions 
of the water-in-oil type characterized by subject- 
ing the emulsion to the action of a demulShïer 
including hydrophile synthetic products; said hy- 
drophile synthetic products being characterized 
by the following formula 
0 0 
(o oc)(oc,m).o o(c,o).,(c oo) 
fl which R' is the radical of a glycerol ether of 
dipropylene glycol monoethyl ether; n and n' are 
numerals with the proviso that n and n" equal 
40 a sure varying rom 15 fo S0, and R is the radical 
of the dicarboxy acid 
COOH 
R 
COOH 
said dicarboxy acid having not over S carbon 
atoms; and with the further proviso that the 
parent dihydroxylated compound prior to esterifi- 
cation be water-insoluble and at least kerosene- 
dispersible. 
5. The process of claire 4 wherein the dicarboxy 
acid is phthalic acid. 
6. The process of claire 4 wherein the dicarboxy 
acid is maleic acid. 
7. The process of claire 4 wherein the dicarboxy 
acid is succinic acid. 
8. The process of claire 4 wheiein the dicarboxy 
acid is citraconic acid. 
9. The process of claim 4 wherein the dicarboxy 
acid is diglycolic acid. 
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